Given the proliferation of mobile devices, operators of optical communication networks have no choice but to increase speed to support consumers' ever-increasing appetites for bandwidthhungry applications. Video on-demand, online gaming, cloud computing, and all our favorite apps are now well anchored in our daily routines. Of course, network operators are aware that end users do not want higher monthly internet bills. Therefore, system vendors are confronted with considerable challenges: they must provide faster systems that deliver more bandwidth at low cost.
combine in one box what used to require five different boxes. Planar lightwave circuit technology, which uses silica waveguides on a silicon substrate, was the first step toward photonic integration. Today, technology platforms such as indium phosphide 1 and silicon photonics 2 make possible the development of new optical components that were unimaginable just five years ago. Our integrated coherent receiver based on silicon photonics is among such components.
Silicon photonics evolved from well-known and mature CMOS process used to build electronic components. The high refractive index contrast of silicon waveguides-which can support a bend radius as small as 3 m-written on 8-inch wafers allows for a high component density, which substantially reduces costs. While silicon photonics promises the integration of photonics and electronics, 3 our work is mainly dedicated to the integration of optical functions. 4 Integrated coherent receivers used for 100G coherent detection systems combine passive optical functions with high-speed photodiodes and linear trans-impedance amplifiers (TIAs). The optical signal carrying the information is mixed with a local oscillator (LO) in two different polarization stages and provides a
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total of eight separated electrical RF (radio frequency) outputs delayed in-phase. These output signals are sent to an external ASIC (application-specific integrated circuit), which recovers the original transmitted data stream through highly complex digital signal processing.
On the optical side, a polarization beam splitter separates the signal and a splitter separates the LO into two 90-degree hybrid mixers (see Figure 1) . In our hybrid integration approach, these passive optical functions are written on a silicon photonic chip. This die is made on a wafer fabricated by the ePIXfab company using 500 220nm strip silicon waveguides. A 2D surface grating coupler acts as a polarization beam splitter for the incoming signal. The light from the LO port is coupled through a 1D surface grating coupler and is split using a 1 2 multimode interference (MMI) coupler. Both signals and LO are then mixed in two 2 4 MMI couplers. The outputs of each waveguide are connected to a 1D grating coupler, which allows the light to emerge out of the chip.
To achieve optical detection, the flip chip technique is used to package two 1 4 high-speed photodiode arrays on top of the output grating couplers. This electro-optic subassembly is mounted on a ceramic, adjacent to two dual TIAs. The heart of the coherent receiver measures only 6 8mm, which is significantly smaller than other technologies (see Figure 2) . Once packaged, the silicon-based integrated receiver occupies one-third the footprint of the package defined by the optical internetwork- ing forum (see Figure 3) . A simpler RF configuration could reduce dimensions even further. This photonic integration technology allows for future coherent receiver design that could be integrated in much smaller 100G transceivers.
Silicon photonics product development for high-speed optical communications is still in its early stages with products for both line-side and short-reach applications. Optical functions can now be integrated using CMOS compatible processes, and packaging these new optical circuits will become critical in making these products cost-effective and reliable. Our research and development team is now starting to investigate how silicon photonics technology can be used to lower dimensions and cost on 100G and 400G modulators. Thanks to silicon photonics, system vendors and network operators now have promising new options to reduce operating and capital expenses. In the end, this new technology will benefit all avid internet users.
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